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AF3ST’RACT

‘1’his  paper descrilm  the first qual)titative  attcml)t  to es-
tiluate  tlie vertical ]mfile characteristics of forests from
luultibaseliue  iuterfcromctric  radar (l NTSAR) data. 111 c)r-
der to calculate the accuracy with w’hich  vertical charact-
eristics  call k: estimated with IATSAR, a silllple, twc+layer
(sucanopy  aud canoly)  forest is assun]ecl  to be observed
by 4 baselines, ]nc)st of which can be realized by current
airbol  lle systelus.  Calculations suggest  that Llle licigllt  of
tile suljca[io~)y  Iayel, thr total height of the forest, atld  tile
altitude of tlic  underlying surface call tre estilnated  with
accuracies of 2-4 meters, with ~I1ultiple  txwelilles  at C-
I)and (wa~’e  length=  0.056  c1:l). Extiuctioll  coefficie~lt.s  o f
each layc’r  can bc estimated witl[ accuracies of 0.1 dt~/lu.
‘1’he mt imat ion of Ileight  ad ext illctioll  parallleters  from
INSAI{ data is nonlinear, and accuracies therefore luay
depend lmvily  on t h e  a c t u a l  cllalacteristics  of tlw 01)-
served forest. ‘1’his  par)er  also discusses tl]e aj)plicatiou
of vertical I)rofilc illforu~atioll estirllated  froll) INS AI{  to
t lL[’ idellt  ificat iotl of ok-growl  Ii forests aucl their charact-
eristics  o f  grofvth allcl  ~)rocluctivity.  I~ecause  olcl-gmvt[l
forests are characterized t~y layered vertical strllct  ures,
tllc sut)allopy aucl  canopy  characteristics discussed ill this
pa~wr  Inay euahle iclelltificatio~l  allcl  Illollitoriug  o f  old-
:ro\vtll stalds,  tvhic}l  in t urn  would facilitate ecosyste~n
mallageluellt  atd  a.ssessrllellt  of primary production on a
glolml  scale.

‘1’he rcwwc}l dcscri})ed  in ttlis paper  wrL<  carrlccl  ollt  It) [,art
by tile Jet I’IOPUISION I,aboratoly, Crrllfornia 11A itute of ‘1’erk
II OICWS,  iIIICle  I contract !vitb the National Aeronautics  and Sp<am
.\dlllilllst Iatioll

1. I N ’ I ’ R O D U C T I O N

For INSAlt  data taken over forests, tile  atuplitude  aucl
~)llase  of the colll~)lex  cross-correlation delmld  oll tllc ver-
tical  ~)rofilm  c)f scatterer cieusity atd scat teriug amplitude.
As sliown  in tlie  next  section, the  cross-correlation can
be expressd  as an integral  of fuuctio~ls of time profiles.
Cllallgiug  the INSAR bascli~le  cllauges  this integral. ‘1’llis
l)arjer begius to a n s w e r  tile follo}vily; clucstioll: Jlrllat  is
t]m accuracy of physical structure and scattering paralu-
cters  cstimatccl frol[l  a set of lnultibasclil~e INTSAR ltlca-
surcl(leuts  ? A silllple twwlayer  forest  is treated iu wllicll
t h e  6 est iruated paralucters  (as shoM’l L ill  t Ile Ilext sec-
t ioli) are 1 ) lmigllt-t wbasc-of-callopy  (htt)c), 2) tot al for-
est height (hV), 3) sut]callol)y  extitlction  coefficient (cJsc),
4 )  canopy cdinction  c o e f f i c i e n t  (CJC), 5) underlying s u r -

f a c e  topogmphy (zo), and  6) tile  canopy to submnopy 7n-

tio of  the product of the  scattc7e7 de71sity clrld the  squord

tmcksmtter’irlg arnplztudc (R.). F;xlJressiom  for t IIc cross-
correlatiol)  zw a fuuctioll  of Im+clille  aud tlw 6 ~mrallleters
are gi~ml  ill t Iw next sect ion. A siltlulat io]l using  -I lmsc-
Iillcs, ~vllicll  call effect i~’e]y t)r realized ~vitll  curlcllt  air-
tmrllc systcnls,  rvas  ~mrformed  and  tile derived paratlleter
accuracies are ~)re,se[lted  in sect  io!l 3. .Sectio]l 4 disc ussm
ttle n~)l)lictat  io]l of t lmsc results to tile  idcllt  icat io]l and
]tlollitorily,  of old-grmvtll forests.

2. TIIE I N S A R  C R O S S - C O R R E L A T I O N  FOR
A  T W O - L A Y E R  I~OREST

Ill A\)])elldix  C, ([’7)  of [1], a[l expressioll  is delived for
t lie  l,A’SA1{  cross-corre]at  ion result illg,  frolll ot)servat imls
of a forest  (volullle scat tcriug  ouly) ~vit 11 arbitrary profiles
of vert  ical deusi[y  and  scat teri[~g  alui)lit ude. “1’hc  coml)lex
cross  -cotrclat  ion  < E(II’l  )F,’ - (II!j)  > is [)ro~)ort  io]lal  to:



~vllerc  N is the numl)er of indcpmldcnt  looks. ‘1’lICS(’  stand-
ard  dm’iatiolls, wllicll reprmc[lt  “s~mkle noise, ” i.e. tllc
random dist cibutioll  of scatterers fro[ll  look to look, Wittl
slnal] corrections for the loss of correlation anll)litude  duc
to fillitc  range resolution [1], \vcre used to <,eneratc Nfolltc
Carlo data, w’llicll  were then fd to a ~lonlinear  least square
cstitlmtion  I)rocedure  to extract distributions of tllc 6 pa-
ralncters.  ‘1’hermal  noise, a small correction, wfLs Ilot ill-
CIUCM.  l’he tahlc belo~v  snows tile  mean+ the standard
cleviat ion of the profile paralaeters  for 50 and 100 radar
looks, with tile truth values for the situulatioll  at tllc to~)
of each column.  For a roughly 5-m squale look size, 50
and 100 looks correspond approxilllat,ely  to 35-r  I1 mld  50-
111  square resolution, respectively.

IPIOIII  t lie table,  it can be seen that, the hcigt  It-to-  txm-
of-canopy, tile total forest  height, and the underlying to-
~lOgI’apll~ W’C’lC Cff2tC’I’IIliIIC!Cl  With aCCUraCk’S Of abOUt 2-5

111, ancl tile extinction coefilciellts  of tile t~vo  layers wrere
cletcrmimcl  at the 0.1-0.2 cl b/m level. l’he  Iwrforlllatlce  ill
tile table will be tested  with ‘1’OPSAR  data in the comitlg
year. lmr]rovetnents  to the performance calculatio]l  inc-
lude accounting for correlations ill speckle lloisc hctweell
haselincs.  accounting for the .grouncl-trunk interaction and
i[lclucling  j)olarimciry,  and  ilnproving  on tlw hfo~ltc  Car lo
Ilonlinear esti[natiml  ~)rocedurc  USCC1  here.

4. II~EN’TIFYINCJ  AND MONITORING
OLD-GROWTH E’OR.HSTS WITI I

INSAR-ESl’IMATED  VERTICAL PRC)FILF;S

‘1’lle clefitlitio]l  of “old  growth” is basccl largely 011 for-
est structure rather than  tree age: olcl-grou’tll forests are
ctlaracterized  by a ltlultiplc’-story  canopy that-  is struc-
turally colnplcx  [4]. ‘1’he  cstimatic)ll  of the slll~canol)y  altd
canol)y l]arameters  described in this paper lnay etml.)lc
idellt  ificat  ion  of forests ~vittl  tlwsc  structures. ldcnt ifi-
catio]l,  classification, and  characterization of old-gro~vtll
folests  arc pa[-licularly  import allt iti t lle  I’acific  h’ort llwnt
of LIIC United States. hlallagelnellt,  activities in the past
llavc ellll)llasizccl  clearcut  harvestin~~, causing scvcrc  loss
ill tllc

.Tl[lC)Ullt  of 01(1 -grolvt  11 Ilabi tat a.s 1{,~~11 as ~xt~,~lsi~(,  frag.
I[lcl)tatioll  of tll(wc’ lial)itats.  ‘J’llesc cllallges h a v e  ld t o
sigl~ificallt  (Icclill(.s it] ~)o~)ulatiolls  o f  allilllal sl)ccics  that
del)c[ld 011 llat)it:its  diaractcristic  of old grotvtti  forests .
NTegativc  ilill)acts  of  past  IIla]lag(lncnt  l)racticcs  011 fisli-
eriw and otliel mources  are a l s o  I)ecolnitlg increasiti:ly
clear.

Ileyolid  t)asic clzissification,  relnote  sellsitlg ofkrs  tile
olily re:ilistic  tool for predictitig  prilnary  proclilction  on a
global  scale [5]. hlcasilrcnlcnts  of tlm reflect ailce of visi-
ble allcl  Ilcar-i[lfrated  radiation lla~’e l)rodilccd  ~)rdictio!ls
of l)rimary  productivity atid  tral)s~)iratio]l of vegctatioll.
IIo\v(,vcr,  algoritllnis  t)ascd  otl reflcctd  radiat ion  sigllifi-
cal it Iy (Indercst ilnate  t rails~)irat  ion and  ~)rilliary prodilc-
tio]l  of old-gmvt  li st a[lds. ‘J’liis  is because t lie “coliv(’rsioll
Cfticicllcy,”  or tlic altlouut  of t)iolnass gro}vtli  pcr unit  of

b’.a so I l)td SOlca I c)iergy, clccrm.sm  :i.s forests :ige. JYitfl  the
rmnotely SCIWCI  veltical  structlire information  l)rol)osd
here, it may t)e l)ossiblc  to adjust algoritlill)s  to account
for a:<’-rc’lfitcd  dcclilm.
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Imoks h~&” (m) h,, (m) ffsc (db/11)) a~ (db/m) 20 (111) 1{

(15) (25) (0.1) (0.3) (o) (~)

50 16.9+ 3.4 25.73:4.4 0.11+0.09 0.294-().16 -o.8i.4.2 3.331.8

100 16.2+ 2.3 25.5+ 3.2 0.12+0.08 0.32+0.12 -().63.3.0 2.33-I.1

l--f.



JET PROPULSION LABORATORY

NOTIFICATION OF CLEARANCE

0 5 / 1 6 / 9 7

TO: R . Treuhaf t

FROM : Logistics and Technical Information Division

SUBJECT: Notification  of Clearance - CL 97-0594

The following title has been cleared by the Document Review services,
Section 644, for public release, presentation, and/or printing
in the open literature:

Forest Vertical Structure from Multi-baseline
Interferometri-c  Radar for Studying Growth and Productivity

This clearance is issued for the full paper and is valid for
U s . and foreign release.

Add the following Acknowledgment: Portions of the work
described were performed at the Jet Propulsion Laboratory,
California Institute of Technology under contract with the
National Aeronautics and Space Administration. Copyright was
transferred to the IEEE.

Clearance  i s sued  by

Document Review Services
Section 6 4 4

( O v e r )


